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2UJDQLF PDWHULDOV DUH XVHG WR OLWKLXP LRQ EDWWHU\
/,% WR DGKHUH WKH DFWLYH PDWHULDOV RQ PHWDO
HOHFWURGHDVZHOODVWKHJUDLQVRIWKHDFWLYHPDWHULDOV
5HFHQWO\DQRYHORUJDQLFFRDWLQJPHWKRG WR HQKDQFH
WKH SHUIRUPDQFH RI WKH EDWWHU\ E\ VXUIDFH




7KH RUJDQLF ELQGHU SOD\V DQ LPSRUWDQW UROH RQ
ERWK SHUIRUPDQFH DQG OLIHWLPH RI WKH /,% ,Q WKLV
ZRUN ZH ZLOO UHSRUW D XVHIXO ZD\ YLEUDWLQJ UHHG
WHFKQLTXH WR FKDUDFWHUL]H WKH YLVFRXV SURSHUWLHV RI
RUJDQLFFRPSRQHQWLQWKH/,%
([SHULPHQWDO
7KH SRVLWLYHHOHFWURGH ZDV FRPSRVHG RI D
VDQGZLFK VWUXFWXUH RI WKH
/L1L&R$O2$OPLQLXP/L1L&R$O2 7KH DFWLYH
PDWHULDOVZLWKWKLFNQHVVRIȝPZHUHFRDWHGRQWKH
VXUIDFHV RI $O IRLO ZLWK WKLFNQHVV RI ȝP 7KH
HOHFWURGH ZDV FXW WR WKH UHHGV KDYLQJ GLPHQVLRQV RI
îîO PPZKHUH O LVPPPPPP
DQG  PP FRUUHVSRQGLQJ WR UHVRQDQFH IUHTXHQFLHV
RIDQG+]DW URRPWHPSHUDWXUH
UHVSHFWLYHO\
7KH YLEUDWLQJ UHHG ZDV VHW LQ D FRSSHU ER[ LQ D
YDFXXP FKDPEHU XQGHU UHVLGXDO JDV SUHVVXUH EHORZ
î 3D2QH HQG RI WKH UHHGZDV IL[HG RQ JURXQG
HOHFWURGH WKH FRSSHU ER[ DV VKRZQ LQ )LJ $Q
DOWHUQDWLQJYROWDJHZDVDSSOLHGRQWKHIUHHHQGRIWKH
UHHGWRYLEUDWHWKHUHHG
7KH GLVSODFHPHQW RI WKH IUHH HQG ZDV PHDVXUHG
XVLQJ D ODVHU&&' FDPHUD GLVSODFHPHQW VHQVRU ZLWK
DFFXUDF\ RI  QP7HPSHUDWXUH RI WKH UHHG VDPSOH
VHWLQWKHFRSSHUER[ZDVFKDQJHGIURP.WR
. LQ VWHSV RI .7KH DPSOLWXGH$ RI YLEUDWLRQ RI
WKHIUHHHQGFDQEHGHFUHDVHGH[SRQHQWLDOO\ZLWKWLPH
W $ $HDWGXH WR WKH YLVFRXV ORVV  ,QWHUQDO IULFWLRQ
4 ZDVGHWHUPLQHG IURP WKHD4 DSIZKHUH I LV
WKHUHVRQDQFHIUHTXHQF\RIWKHUHHG
)LJ 6FKHPDWLF GLDJUDP RI WKH YLEUDWLQJ UHHG
PHDVXUHPHQWV\VWHP
5HVXOWVDQG'LVFXVVLRQ
)LJ VKRZV WKH [UD\ GLIIUDFWLRQ SDWWHUQ RI WKH
SRVLWLYHHOHFWURGH VDPSOH 'LIIUDFWLRQ SHDNV IURP
  DQG  SODQHV RI /L1L&R$O2
VWUXFWXUHDUHREVHUYHG
)LJ ;UD\ GLIIUDFWLRQ SDWWHUQ RI WKH
SRVLWLYHHOHFWURGHRIWKHOLWKLXPLRQEDWWHU\
7KHJUDLQVL]HRIWKHDFWLYHPDWHULDOZDVHVWLPDWHGE\
XVLQJ 6FKHUUHU HTXDWLRQ W .OEFRVT 7KH DYHUDJH
JUDLQ VL]H ZDV  QP &RPSRVLWLRQDO DQDO\VLV XVLQJ
WUDQVPLVVLRQ HOHFWURQPLFURVFRS\ VKRZQ WKDW FDUERQ
R[\JHQ QLWURJHQ DQG IOXRULQH DUH REVHUYHG IURP WKH
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YDULRXV OHQJWKV DUH VKRZQ LQ)LJ  DV D IXQFWLRQ RI
WHPSHUDWXUH7KHUHVRQDQFHIUHTXHQFLHVGHFUHDVHZLWK
LQFUHDVLQJ WHPSHUDWXUH DQG WKHUH DUH WZRPLQLPXPV
DWDERXW.DQG.




7KH LQWHUQDO IULFWLRQV RI WKH SRVLWLYHHOHFWURGH DW
YDULRXVUHVRQDQFHIUHTXHQFLHVDUHVKRZQLQ)LJ DVD
IXQFWLRQ RI WHPSHUDWXUH7ZR SHDNV DUH REVHUYHG RQ
WKH WHPSHUDWXUH GHSHQGHQFHV $OVR DQ LQFUHDVH LV
VHHQDWWHPSHUDWXUHVDERYH.,WLVFOHDULQ)LJ
WKDWLQWHQVLWLHVRIWKHLQWHUQDOIULFWLRQDWWKHSHDNVDUH
LQGHSHQGHQW RI WKH UHVRQDQFH IUHTXHQF\ 7KLV
VXJJHVWVDYLVFRXVGDPSLQJSURFHVVLQWKHVDPSOHVDW
WHPSHUDWXUHVEHORZURRPWHPSHUDWXUH
:H DUH QRZ LQ D SRVLWLRQ WR GLVFXVV WKH
PHFKDQLVPV RI WKH LQWHUQDO IULFWLRQ LQ WKH
SRVLWLYHHOHFWURGH RI OLWKLXP LRQ EDWWHU\ )LUVW WKH
VWURQJ LQWHUQDO IULFWLRQ SHDNV ZLWK JRRG VLJQDOQRLVH
61UDWLR FDQEHREVHUYHGRQ WKHSRVLWLYHHOHFWURGH
DW YDULRXV UHVRQDQFH IUHTXHQFLHV DV D IXQFWLRQ RI
WHPSHUDWXUH 7KLV VXJJHVWV WKDW WKH YLEUDWLQJ UHHG
WHFKQLTXH LVDXVHIXOWRROWRFKDUDFWHUL]HWKHSURSHUWLHV




LQGHSHQGHQW RI UHVRQDQFH IUHTXHQF\ RI WKH HOHFWURGH
VDPSOH 7KLV IDFW LQGLFDWHV WKDW WKH IULFWLRQ LV QRW
WKHUPDODFWLYDWLRQW\SHDQGLVGXHWRDYLVFRVLW\IURP
WKH HOHFWURGH PDWHULDO 7HPSHUDWXUH GHSHQGHQFHV RI
UHVRQDQFH IUHTXHQF\ RI WKH VDPSOH DOVR VKRZ WKH
VDPHFRQFOXVLRQ7KH UHVRQDQFH IUHTXHQF\GHFUHDVHV
DW WHPSHUDWXUH ZKHUH WKH LQWHUQDO IULFWLRQ WDNHV D
PD[LPXP7KHUHVRQDQFHIUHTXHQF\GXHWRDYLVFRVLW\
FDQEHGHVFULEHG E\Z¶ ZD
7KLUG WKH LQWHUQDO IULFWLRQ SHDNV DUH REVHUYHG DW
ORZ WHPSHUDWXUHV EXW FDQQRW EH REVHUYHG DW KLJK
WHPSHUDWXUHV RYHU WKH ZLGH WHPSHUDWXUH UDQJH RI
a. ,Q JHQHUDO RUJDQLF FRPSRQHQW EHFRPHV
PRUHIOXLGDWWHPSHUDWXUHVDERYHURRPWHPSHUDWXUH
)LQDOO\ ZH KDYH DOVR PHDVXUHG WKH LQWHUQDO
IULFWLRQ RI WKH QHJDWLYHHOHFWURGH FRPSRVHG RI
FU\VWDOOLQH JUDSKLWH DQG RUJDQLF ELQGHU DV D IXQFWLRQ
RI WHPSHUDWXUH 6HYHUDO SHDNV DUH DOVR REVHUYHG DW
WHPSHUDWXUHV EHORZ  . 2XU UHVXOWV LQGLFDWH WKDW





:HKDYHPHDVXUHG WKH LQWHUQDO IULFWLRQSURSHUWLHV
RI WKH SRVLWLYHHOHFWURGH RI OLWKLXP LRQ EDWWHU\ E\
XVLQJ YLEUDWLQJ UHHG WHFKQLTXH 6WURQJ IULFWLRQ SHDNV
DUH REVHUYHG DW WHPSHUDWXUHV EHORZ  . ,W LV D
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